Montclair State University

Montclair State University Digital
Commons
Department of Economics Faculty Scholarship
and Creative Works

Department of Economics

12-12-2015

Income Inequality and Household Debt: A Cointegration Test
Edmond Berisha
Montclair State University, berishae@mail.montclair.edu

John Meszaros
United States Postal Service

Eric Olson
West Virginia University

Follow this and additional works at: https://digitalcommons.montclair.edu/economics-facpubs
Part of the Finance Commons

MSU Digital Commons Citation
Berisha, Edmond; Meszaros, John; and Olson, Eric, "Income Inequality and Household Debt: A
Cointegration Test" (2015). Department of Economics Faculty Scholarship and Creative Works. 29.
https://digitalcommons.montclair.edu/economics-facpubs/29

This Article is brought to you for free and open access by the Department of Economics at Montclair State
University Digital Commons. It has been accepted for inclusion in Department of Economics Faculty Scholarship
and Creative Works by an authorized administrator of Montclair State University Digital Commons. For more
information, please contact digitalcommons@montclair.edu.

Applied Economics Letters, 2015
Vol. 22, No. 18, 1469–1473, http://dx.doi.org/10.1080/13504851.2015.1039698

Income inequality and household
debt: a cointegration test
Edmond Berisha, John Meszaros and Eric Olson*
College of Business and Economics, West Virginia University,
Morgantown, WV 26506, USA

This article employs the Johansen and Engle–Granger methodology to
determine if there is a cointegrating relationship between household debt
and income inequality as measured by Atkinson, Piketty and Saez (2011).
The results suggest a cointegrating relationship between the two series. A
vector error correction model is estimated showing that a shock to household debt has statistically signiﬁcant effects on income inequality in the
United States over the time period 1919–2009.
Keywords: income inequality; household debt; cointegration
JEL Classiﬁcation: D31; D30
I. Introduction
Rajan (2010) and Reich (2010) provide qualitative
arguments linking income inequality to debt levels.
Kumhof et al. (2013) provide a more rigorous theoretical framework linking income inequality, household debt-to-income ratios and ﬁnancial crises.
Kumhof et al. (2013) mechanism linking inequality
and household debt is that those at the top of the
income distribution use a substantial percentage of
their income to generate ﬁnancial wealth through
loans to those at lower levels of the income distribution. Thus, top earners allow those at the lower end
of the distribution to minimize the drop in their
consumption through debt. Figure 1 displays time
series of income inequality (as measured by
Atkinson et al. (2011)) measured on the right-hand
axis and household debt as a percentage of GDP
from Philippon (2015) measured on the left. Panel
A displays the time series over the entire sample
period; panel B displays the series over 1919–1945
time period; panel C displays the series over the

1946–1980 time period and panel D displays the
series over the 1980–2009 time period. As can be
seen in the panel of Fig. 1, the two series do appear to
share a common trend; however, the relationship
appears stronger during the time periods displayed
in panels B and D.
One possible implication of Kumhof et al. (2013)
model would be the existence of an equilibrium
relationship between household debt and income
inequality; put another way, income inequality and
household debt may share a cointegrating relationship. The aim of this article is to test for a cointegrating relationship between household debt and income
inequality. To that end, we estimate Johanesen’s and
Engle and Granger’s cointegration tests to determine
if a cointegrating relationship exists. In addition, we
estimate a vector error correction model (VECM)
and generate impulse responses. To preview our
results, we ﬁnd that a cointegrating relationship
exists between household debt ﬂows and income
inequality. Furthermore, a one SD shock to household debt causes income inequality to increase by
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Fig. 1. Time series of household debt and income inequality

around 0.8 SDs. The rest of the article proceeds as
follows: Section II discusses our data and methodology, Section III presents our results and Section IV
concludes.
II. Data and Methodology
Data
Our annual measure of household debt data was
taken from Philippon’s (2015) article in the
American Economic Review. Credit was deﬁned as
the ﬂow of household credit normalized by nominal
GDP. The annual data used for our measure of
inequality was obtained from The World Top
Income Database due to its relatively long time series. The measure used from the database was the
inverted Pareto coefﬁcient (IPAR). Intuitively, as
the coefﬁcient increases, income is less equally
distributed.
Methodology
To test for cointegration, we used the Johansen and
Engle–Granger cointegration tests. The basic idea

behind cointegration is that nonstationary variables
may share a common stochastic trend which can be
eliminated by taking the linear combination of the
variables. As a result, the linear combination process creates stationary error terms. Therefore, we
have
xt ¼ A1 xt1 þ A2 xt2 þ . . . þ Ap Xtp þ εt

(1)

where xt is the (2×1) vector of I(1) variables and εt
is the two-dimensional vector of the error terms.
Following the steps described in Enders (2010)
from Equation 1, we obtain:
Δxt ¼ πxt1 þ

p1
X

π i Δxti þ εt

(2)

i¼1



p
p
X
X
Ai and πi ¼ 
Aj
where π ¼  I 
i¼1

(3)

j¼iþ1

In the Johansen test, the cointegration test depends
on the rank of matrix π, which is equal to the number
of independent cointegrating vectors. If rank(πÞ ¼ 0,
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the matrix is null and Equation 2 is the usual VAR
model in ﬁrst differences. However, if rank(πÞ ¼ 1,
there is a single cointegrating vector and the
expression πxt1 is the error correction term. If the
rank(πÞ > 1, then there are multiple cointegrating
vectors. If one or more cointegrating vectors exists,
it means that Δxt responds to the previous period’s
deviation from long-run equilibrium, and the traditional VAR in ﬁrst differences without the πxt1 will
be misspeciﬁed. The number of cointegrating vectors
are obtained by checking the signiﬁcance of the
characteristic roots of π. The test for the number of
the characteristic roots that are not statistically different from unity are conducted using the following
two test statistics:
λtrace ðrÞ ¼ T

n
X



ln 1  λbi

λmax ðr; r þ 1Þ ¼ T lnð1  λd
rþ1 Þ
where: λbi ¼ the estimated values of the characteristic roots (also called eigenvalues) obtained from the
estimated π matrix and T = the number of usable
observations. The λtrace ðrÞ statistic tests the null
hypothesis that the number of cointegrating vectors
is less than or equal to r, against the alternative being
greater than r. Whereas the λmax ðr; r þ 1Þ statistic
tests the null that the number of cointegrating vectors
is r against the alternative of r + 1 cointegrating
vectors.
For robustness, we also conducted an additional
cointegration test using the Engle–Granger methodology. Given that variables are integrated of the
same order, the following is estimated:
(4)

where yt and zt are the variables of interest. Once
the residuals ec
1t are obtained, the order of integration
of the residuals is determined by the following:
Δb
et ¼ a1 ed
t1 þ εt
The null hypothesis is that there is
cointegration, meaning if we cannot reject
hypothesis that ja1 j = 0 from Equation 5,
cannot conclude that the variables
1

Δb
et ¼ a1 ed
t1 þ

n
X

aiþ1 Δec
ti þ εt

i¼1

As before, if we cannot reject the hypothesis
that ja1 j = 0, we do not have evidence that the
series in question are cointegrated, meaning the
errors are not stationary and there is no cointegrating relationship.

III. Empirical Results

i¼rþ1

yt ¼ β10 þ β11 zt þ e1t

cointegrated; in other words, we do not have
evidence that the series’ of interest are cointegrated. If Equation 5 produces errors that are
still correlated, an augmented test, below, can
also be used to check for cointegration:

(5)
no
the
we
are

Given the article’s research question of cointegration, Dickey–Fuller tests were ﬁrst conducted for
both time series; both had evidence of unit roots
using various speciﬁcations, as seen in Table 1. In
order to determine the lag length of the VAR, we
used the Bayesian information criteria which suggested a 2-year lag. Based on the lag length test,
the Johansen cointegration test was used to determine if there was a cointegrating relationship.
The Johansen test suggested there was no more
than one cointegrating vector between household
debt and inequality when including a trend in the
model as seen in Table 2 at the 95% signiﬁcance
level.1 As noted above, the Engle–Granger methodology was used as a robustness check. As
seen in Table 3, it conﬁrmed the evidence of a
cointegrating vector using a 90% signiﬁcance
level.
Due to the cointegrating relationship, a VECM
was estimated. The variables were ordered

Table 1. Augmented Dickey–Fuller tests
w/o trend
w/o trend
or
w/o trend but and
constant with constant constant
Household debt
−0.88
Income inequality −1.51

−0.54
−1.50

Note: * Signiﬁcance at the 90% level.

This was true using either a trend in the model or restricting it to only the cointegrating vector.

−0.64
−3.26*
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relationship in the model), we generate standardized impulse response functions, using 10 000
replications in a Monte Carlo simulation to generate the 95% conﬁdence bands. As can be seen
in Fig. 2, a one SD shock to household debt has a
positive and statistically signiﬁcant effect on
inequality. The shock increases income inequality
by about 0.8 SDs after 4 years and dissipates
slightly after about 5 years. A one SD shock in
IPAR equals 0.36; as such, a 0.8 SD increase
causes IPAR to rise by 0.3. For example, in
1986, the IPAR measure was equal to two in
the United States and the top 1% and 0.1%
income shares in the United States were 9.13%
and 2.87%. An increase to 2.3 in IPAR implies
the top 1% income share increased to 12.82% and
the top 0.1% income share increased to 4.72%.
We believe these results provide supporting evidence for the Kumhof et al. (2013) hypothesis
that increasing debt levels exacerbates inequality.
As households borrow more, the better ﬁnancially

Table 2. Cointegration test: Johansen test
Rank

Lambda-max

Trace statistic

Trace-95%
critical value

0
1
2

26.16
0.01

27.25**
1.09

18.15
3.84

Note: ** Signiﬁcance at the 95% level.
Table 3. Cointegration test: Engle–Granger
Test statistic

Critical values

−3.65*

1%
−4.50

5%
−3.88

10%
−3.58

Note: * Signiﬁcance at the 90% level.

household debt ﬂow ﬁrst, followed by IPAR.2
From the VECM model with the error correction
term (which includes the long-run equilibrium
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Fig. 2. Impulse response functions

2

Two speciﬁcations were used for the cointegrating vector. One took the vector estimated directly from the Johansen test,
the other used OLS to estimate the cointegrating relationship. Results from both were nearly identical.

Income inequality and household debt
connected households supply the funds that the
poorer households borrow. This makes inequality
increase as the wealthier households increase
their wealth from the debt repayment of the
poorer households.

IV. Conclusion
Our results suggest that household debt and income
inequality in the United States have a cointegrating
relationship. Thus, there is credence to the idea of a
‘debt channel’ of income inequality, in addition to
the well-documented channels in the existing literature. These results support the recent academic work
by Coibion et al. (2012) and popular works such as
Stiglitz (2012), Rajan (2010) and Reich (2010),
demonstrating a signiﬁcant increase in income
inequality in the United States due to the increase
in household debt. Our analysis suggests that a
positive shock to household debt increases income
inequality by 0.8 SDs.
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